Introduction
Dimethylsulfide is the principle gaseous precursor for sulfate aerosol over the oceans, and it has been suggested that various Ibedback loops may link DMS emissions and global climate [Nguyen et al., 1983; Shaw, 1983; Chartson et al., 1987; Bates et al., 1987; Legrand et al., 1988 Legrand et al., , 1991 . DMS is ultimately derived t¾om the activity of phytoplankton in seawater and is ubiquitous in the surIkce oceans and marine atmosphere. In clean marine air, DMS is oxidized primarily through reaction with the hydroxyl (OH) radical and has a lifetime of the order of a few days. DMS e 'xhibits diel cycles of considerable amplitude because of its relatively short lifetime and photochemical sink. These diel cycles have been observed by several investigators [Maroulis and Bandy, 1977; Andreae and Raemdonck, 1983; Andreae et al., 1985,' Saltzman and Cooper, 1988; Cooper and Saltzman, 1993] and have been shown to be generally consistent with gas transfer velocity and photochemical models [Logan et al., 1981; Thompson and Lenschow, 1984 ; Thompson and Cicerone, 1982; Graedel, 1979; ChatfieM and Crutzen, 1984; Toon et al., 1987; Thompson et al., 1990] . Under favorable conditions (uniform sea surface DMS concentrations, wellcharacterized meteorology, clean air mass chemistry) the diel variability in DMS can provide quantitative verification of parameterizations of its air-sea fluxes and atmospheric reactivity. In this study we present measurements of the diel Meteorology Ten-day air mass back trajectories on the 1000-hPa level were calculated from the National Meteorological Center's wind analyses for the Pacific region (R. Artz, NOAA Atmospheric Research Laboratory). An example of a typical air mass back trajectory for the 6 days of time series measurements was plotted on satellite images (RSMAS Remote Sensing Facility) showing the sea surface temperature in the region near the ship. The air masses being sampled were over the ocean for at least 10 days before reaching the MAGE station, and the sea-surface temperature was fairly homogeneous along the trajectory of the air masses. The airflow was predominantly easterly and originated in the Southeast Pacific gyre.
Balloon radiosondes were launched just before dawn (local time), just after solar noon, and just before sunset each day while occupying the MAGE station. Radiometer data indicated that the solar noon occurred at approximately 1230 hours local time. Figure 1 shows an example of a typical radiosonde from the MAGE station. A temperature inversion can be seen at 2200 m along with a sharp decrease in relative humidity, indicating the top of the cloud-containing layer and the bottom of the trade wind inversion. This layer is highly stratified and acts as a barrier to vertical mixing with the free troposphere. Also, note that there is a drop in the relative humidity and a small change in the temperature and potential temperature gradients at approximately 600 m, signaling the top of the mixed layer.
Traditionally, the marine boundary layer is thought to extend to the top of the cloud-containing layer. However, there is uncertainty about the extent to which the bottom of the cloudcontaining layer acts as a barrier to vertical mixing. The turnover rate in the mixed layer is of the order of 10-20 min [Stull, 1988] . This is much less than the lifetime of trace gases such as DMS. Therefore the mixed layer should be well mixed with respect to DMS. However, mixing into the cloudcontaining layer occurs sporadically and is enhanced during periods of active convection through cumulus clouds.
A camera with a wide angle lens (180 ø) was used to photograph the sky during daylight hours throughout the cruise.
This was done to allow us to assess the cloud cover conditions for use in the photochemical model. During the 6 days of the MAGE station (12øS, 135øW) the weather conditions were generally sunny and mostly clear. A few clouds and rain showers passed over the ship during this period. 3 x 106 molecules cm -3, and the 24-hour mean   OH concentration is 7 x 105 molecules cm -3 (Figure 5 ). This value is lower than the mean OH concentration of 9 x 105 molecules cm -3 calculated for SAGA 3 by Thompson et al. [1993] because the mean boundary layer ozone concentration measured during this cruise was at the low end of the ranges reported for SAGA 3. • (Figure 6) .
Results and Discussion
The diel profiles shown in Figure 6 illustrate that the model significantly underestimates the observed amplitude in the diel cycle in atmospheric DMS concentrations. This result implies that the photochemical oxidation rate of DMS is underestimated by the model. In order to carry out a simulation which achieves both the mean concentration and the observed amplitude we must increase the oxidation rate above the rate currently accepted in photochemical models, and balance this increased loss by either (1) increasing the sea-to-air flux or (2) decreasing the mixing depth assumed for the model. We carried out several simulations to explore the sensitivity of the result to these parameters. In the first set of simulations we kept the model mixing depth fixed at 2.2 km, while increasing both the sea-toair flux and the daytime oxidation rate of DMS. The daytime oxidation rate must be increased by 100% over that due to reaction with OH alone and the sea-to-air flux increased to 28.0 pmol m '2 d '• to approach the observed diel cycle (Figure 7a) .
In a second set of simulations we fixed the flux at 16.0 pmol m -2 d '• while lowering the model mixing depth and increasing the daytime oxidation rate. A lower limit for the model mixing depth is the height of the mixed layer, which is 0.6 km for this station, as discussed earlier. An upper limit is the height at the top of the cloud-containing layer, which has a mean of 2.2 km for this station. Mixing between the mixed layer and the cloudcontaining layer does occur, but it is slower than that within the mixed layer itself. If it is sufficiently slow, a gradient in DMS concentrations would exist between the top of the mixed layer and the trade wind inversion. This scenario can be simulated with the box model by assuming a model mixing depth between the two limits. The most reasonable solution is obtained by maximizing the model mixing depth and minimizing the increase in daytime oxidation rate necessary for the model to produce a DMS diel profile similar to that observed. In this case the best solution requires a model mixing depth of 1.3 km and a 100% increase in the daytime oxidation rate over that due to reaction with OH alone to produce a diel cycle similar to that observed (Figure 7b ).
The observed amplitude in the DMS diel cycle can be approached only if either the sea-to-air flux is increased or the model mixing depth is lowered, and the daytime oxidation rate must be doubled in both cases. We suggest two possible explanations: (1) there is a diel cycle in vertical entrainment with a midday or late afternoon maximum, or (2) the rate of the photochemical oxidation of DMS is underestimated by current photochemical models. A recent modeling study has shown that temporal variability in vertical mixing is more likely to dampen the DMS diel profile than to accentuate it [Suhre and Rosset, 1994] . (1) H atom abstraction and (2) OH addition. In the OH addition pathway, OH reversibly forms an adduct with DMS. The shortlived adduct can decompose back to reactants or react with 02. Therefore the effective rate coefficient is dependent on the partial pressure of 02. It has been proposed that the products of the reaction between the adduct and 02 include dimethylsulfone This discrepancy could be explained if OH regeneration were significant. However, if this hypothesis is true, the daytime oxidation rate would increase by only 25%, and we have shown in this study that the daytime oxidation rate must be increased by-100% in order to account for the observed diel cycle. Thompson and Stewart [1991] assessed the uncertainty in model OH calculations, using a Monte Carlo technique. Those workers concluded that the quoted uncertainties in the rate constants used in photochemical calculations gives rise to an uncertainty of +25% (lc 9. This uncertainty alone is not sufficient to explain the discrepancy between the DMS oxidation rates generated by the model and those needed to simulate the DMS diel amplitude. Of course, clean marine air OH calculations remain essentially unverified by experimental measurements, and there may be additional sources of uncertainty in the reaction scheme which are not known. Keene et al. [1990] suggested that reactive chlorine liberated from sea-salt aerosols may photolyze to generate C1 atoms in marine air. They suggested that if the process occurs, it could have a substantial impact on the oxidation rate of DMS in marine air, as the reaction between C1 and DMS is known to be extremely fast [Stickel et al., 1992] . However, the evidence for the presence of C1 atoms in marine air is indirect, derived from estimates of chloride loss from aerosols and from mist chamber collection of an unknown gaseous chlorine-containing species in coastal air [Pszenny et al., 1993] . If the precursor for C1 atoms is C12, as suggested by Keene et al. [1990] , the production of C1 atoms would have a significantly dif/brent diel profile from that of OH, with the maximum occurring just after sunrise. Theretbre we would expect to see the daytime minimum shifted earlier in the day, rather than in the late afternoon as predicted from OH-only chemistry. The data do not preclude oxidation of DMS via chlorine atoms or other, as yet unidentified, oxidants.
However, the observed DMS diel profile requires that any additional oxidants must have a diel profile similar to that of OH.
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